Background: People with the Ehlers-Danlos Syndromes (EDS), a group of heritable disorders of connective tissue, often report experiencing dental procedure pain despite local anesthetic (LA) use. Clinicians have been uncertain how to interpret this apparent LA resistance, as comparison of EDS and non-EDS patient experience is limited to anecdotal evidence and small case series. The primary goal of this hypothesis-generating study was to investigate the recalled adequacy of pain prevention with LA administered during dental procedures in a large cohort of people with and without EDS. A secondary exploratory aim asked people with EDS to recall comparative LA experiences. Methods: We administered an online survey through various social media platforms to people with EDS and their friends without EDS, asking about past dental procedures, LA exposures, and the adequacy of procedure pain prevention. Among EDS respondents who both received LA and recalled the specific LA used, we compared agent-specific pain prevention for lidocaine, procaine, bupivacaine, mepivacaine, and articaine. Results: Among the 980 EDS respondents who had undergone a dental procedure LA, 88% (n = 860) recalled inadequate pain prevention. Among 249 non EDS respondents only 33% (n = 83) recalled inadequate pain prevention (P < 0.001 compared to EDS respondents). The agent with the highest EDS-respondent reported success rate was articaine (30%), followed by bupivacaine (25%), and mepivacaine (22%). Conclusions: EDS survey respondents reported nearly three times the rate of LA non-response compared to non-EDS respondents, suggesting that LAs were less effective in preventing their pain associated with routine office dental procedures.
INTRODUCTION
The Ehlers-Danlos Syndromes (EDSs) are a group of heritable connective tissue disorders characterized by defects in the structure and synthesis of connective tissue.
Defective connective tissue can lead to a myriad of clinical problems such as frequent joint dislocations, early-onset osteoarthritis, extensive bruising, abnormal scarring, delayed wound healing, periodontal disease, arterial dissections and aneurysms, hernias, bladder and bowel dysfunction, dysautonomia, sleep disorders, fatigue, headaches, paresthesia, numbness, Chiari malformation, and scoliosis [1] [2] [3] [4] [5] . Pain is a common co-morbidity in these disorders [4, [6] [7] [8] .
Small case series [9] [10] [11] suggest that people with EDS may experience local anesthetic (LA) resistance, defined as the failure of LA to provide pain prevention using typical dental practice methods, more often than the general population. However, large surveys are lacking, limiting the estimates of the magnitude of this issue. The primary goal of this hypothesis-generating study was to determine the recalled adequacy of LA administered during dental procedures in a large cohort of people with and without EDS. A secondary exploratory aim asked people with EDS to recall the relative efficacy of local anesthetics used in their dental procedures.
At a two day meeting funded by the Patient Centered
Outcomes Research Institute (PCORI), local anesthetic resistance was among the top priorities chosen by the Ehlers-Danlos Co-morbidity Coalition [12] . The charge of the meeting was to follow PCORI patient engagement methodology standards in generating research priorities [13] .
Experiencing pain during dental procedures can be traumatic and painful. LAs, such as lidocaine, mepivacaine, bupivacaine, or articaine are routinely used to prevent procedure-associated pain. The common factors that can influence analgesic effectiveness of the LA procedures include the physicochemical properties of the specific LA being used, the target nerve that is being blocked, and the addition of adjuncts or vasoconstrictor that is co-administered, among many other factors. For example, several studies have pointed out that the anesthetic success depends on the specific tooth involved [14] [15] [16] , and that it is easier to achieve in the upper jaw (maxillary region) compared to the lower jaw (mandibular region). The other patient related factors also include the rate of drug absorption, dispersion and metabolism, genetic variation in anesthetic target site structure or function or in rates of nociceptive pain transmission, the presence or absence of local inflammation, and anatomic variations in peripheral nerve locations. The mechanisms of local anesthetic resistance in EDS are not known.
METHODS
We administered an online survey focused on the recalled adequacy of pain prevention with LA administered during dental procedures using Research Electronic Data Capture (REDCap) [17] , a secure, browser-based application for managing online surveys and research databases housed at Vanderbilt University. Excluded from this analysis were respondents that selected "Not sure" or "Don't want to say" to the question about adequate pain control for either agent in the combination. EDS respondents who received 3 or more of the selected agents were included in the analyses for all respective combinations.
RESULTS
The demographic characteristics of those included in the analysis are provided in Table 1 . A total of 1,691 individuals responded to the survey; however, 448 of those were excluded as a result of either not answering the question related to consent (n = 49), not providing consent for the study (n = 6), not completing the survey in its entirety (n = 296), or having answered "Don't Want Among EDS respondents, 980 (99%) indicated they had been given a dental procedure-associated LA in the past, with nearly 88% (n = 860) of those indicating it did not provide adequate anesthesia at some point in time.
Among non-EDS respondents, 249 (98%) indicated they had been given a dental procedure-associated LA in the past, with 33% (n = 83) of those indicating it was not effective at some point in time (P < 0.001 compared to EDS respondents) ( Table 2) . Table 3 summarizes data among respondents with EDS who indicated that they had received at least one local anesthetic (n = 980). As respondents could select more than one, the drug categories are not mutually exclusive.
The two most common agents that EDS respondents reported having received were lidocaine (69%, n = 676) and procaine (64%, n = 623). Bupivacaine (18%, n = 169), mepivacaine (5%, n = 50), and articaine (4%, n = 40) were less common. Of those that reported having ever received lidocaine, only 8% indicated that it provided adequate pain relief during the procedure, and only 7% of those who reported having ever received procaine indicated it was effective. The agent with the highest respondent-reported success rate was articaine (30%), followed by bupivacaine (25%), and mepivacaine (22%). Table 4 
DISCUSSION
These retrospective survey data indicate that people with EDS report a dental local anesthetic injection that "did not work" at nearly three times the rate of those without EDS (88% vs. 33%). This suggests that local anesthetics are less effective in preventing or reducing pain during routine dental procedures, a phenomenon that has been called "local anesthetic resistance." Marhofer et al. (2014), in a small study, pre-specified a meaningful clinical difference as 30% for failure of dental anesthesia [18] . The Cochrane Systematic Review of Injectable Local Anesthetic Agents for Dental Anesthesia reported a success range of 31% to 83% [19] .
Our second aim sought evidence of differences in effectiveness between dental local anesthetic agents. This The presence or absence of inflammation may alter the efficacy of a local anesthetic [27] [28] [29] [30] . Vasodilation will hasten the diffusion of local anesthetic drugs away from the area, thus reducing their efficacy. People with EDS often have chronic, wide-spread mast-cell activation [31] (with increased inflammation), which may explain why some LAs can work differently than other in people with EDS [32] .
Another host factor relates to the accumulated impact 
